its pH is about 10. This solution, contained in a flask plugged with cotton wool, is immersed in a boiling-water bath for 12 min. After this time, the flask is transferred to a bath of running cold water to cool to room temperature and the resultant solution is filtered through cotton wool. To the filtrate is added 0-25 vol. of the NH:Cl-NH4OH buffer solution. The pH of the substrate solution should be 9*5 and any necessary adjustment is made with the aid of the glass electrode.
Duodenal juice. This is obtained from human subjects by duodenal intubation. Contamination by gastric contents is avoided as far as possible by simultaneous gastric intubation and suction. The samples are immediately mixed with an equal volume of glycerol and stored at 20 (Lagerlof, 1942) .
The technique has recently been outlined by Howat (1952) .
Activation by addition of enterokinase is not necessary, duodenal juice being fully activated (Agren and Christiansen 1933, quoted by Lagerlof, 1942 ).
Edtimation of tryptic activity A series of pairs of test tubes is made up, two pairs being necessary for each assay which involves 'test' and 'control' determinations. One tube of each pair contains 5B0 ml. of substrate solution, the other contains 10-0 ml. of 0-35N-trichloroacetic acid solution. The tubes are placed in a water bath at 370 for 15 min. prior to the start of the determination. The duodenal juice-glycerol mixtures (approx. 2-5 ml.) are placed in the bath about 5 min. before the start of the determination. If a duodenal juice-glycerol mixture is suspected to have a very high activity, as after pancreozymin stimulation, it is diluted with an equal volume of 50% (v/v) glycerol.
At zero time, 1.0 ml. of the juice is added to the substrate tube of the first pair (the 'test' determination), followed 30 sec. later by the addition of 1.0 ml. of the same juice to the trichloroacetic tube of the second pair (the 'control' determination). The process is repeated at intervals of 30 sec. for the different samples of juice to be assayed. After each addition of juice the tubes are agitated to ensure adequate mixing. Exactly 15 min. after the addition of a juice to a pair of tubes, any reaction is brought to a standstill by mixing the contents ofthe paired tubes by pouring back and forth a few times. This precipitates any residual protein and the bile pigment is adsorbed on to the precipitate. After allowing the tubes to remain at 370 for 4-5 min., the contents are filtered through a 12-5 cm. Whatman no. 1 filter paper.
(Occasionally the filtrate from a control determination on a very concentrated active juice gives a slightly cloudy ifitrate. This is cleared by filtration again through a Whatman no. 30 paper.) When no free liquid is apparent in the ifiter paper, the colourless clear filtrate is mixed to ensure homogeneity and 2-0 ml. are transferred to a 100 ml. conical flask containing 20-0 ml. of 0 25N-NaOH solution.
The filtrate is run in down the side of the flask, mixed by a gentle swirling motion and immediately followed in the same way by 1.0 ml. of Folin and Ciocalteu's phenol reagent.
In this way aerial oxidation of the phenolic substances is reduced to a minimum.
A blue colour develops rapidly, and 15-30 min. later its intensity is measured by means of a Hilger Spekker absorptiometer using an Ilford 607 filter and a 1 cm. absorption cell. (Any colorimeter may be used provided it is standardized as described below. An EEL Photoelectric Colorimeter and Ilford 607 filter have proved satisfactory.)
The difference in colorimeter readings between the test and control determinations is a measure of the tryptic activity of the juice, and use is made of a standardization curve to convert this figure into units of tryptic activity.
Preparation of the standard curve. It was considered that human duodenal juice rather than commercial trypsin preparations should be used for the construction of this curve, as the method was to be used in conjunction with investigations on the effects ofgastro-intestinal hormones on human pancreatic secretion. Furthermore, it was necessary to ensure that the method was reliable both for juices obtained from normal and pathological subjects and for 
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Definition of the unit of tryptic activity. As the estimation involves the colorimetric estimation of soluble phenolic substances, the unit of activity was defined by comparison of the chromogenic activity of the protein-free filtrate described above with that of a phenol solution of known strength.
The composite activity curve in Fig. 1 does not differ significantly from that obtained by using 2-0 ml. of solutions of phenol (concn. 10, 20, 30, 40, 50, 60 and 70 mg./l.) in place of 2-0 ml. of the protein-free ifitrate in the method of estimation described above. These phenol solutions are made up in 0-001 N-HCI to reduce any aerial oxidation of the phenol. By this means therefore a standardization curve can be prepared for any colorimeter and a convenient unit of tryptic activity is available. These activity curves were determined on juices obtained from six subjects. In each case the juices obtained under resting conditionsi and after secretin and pancreozymin stimulation were iuv'stigated. Three "of the subjects were normal medical students (two female, one male). The fourth was a woman with a gastroenberostomy and suspected pancreatitis, the fifth, a man with suspected pancreatitis and the sixth, a man with a disease of the central nervous system and achlorhydria. The eighteen eurves so obtained have been made to overlap by a suitable choice of units along the horizontal axis, to provide a composite activity curve (Fig. 1). A duodenal juice is said to have x units/ml. of tryptic activity when, under the conditions ofthe above estimation, 1 ml. ofthe 50 % (v/v) juice-glycerol mixture gives a proteinfree filtrate with a chromogenic activity equal to that of a phenol solution of concentration x mg./l.
Development of the method
The method described above is based on a series of investigations outlined below. Optimum pH for enzyme action. Preliminary tests suggested that this lay in the pH range 9-10. The decision as to the exact pH to be used was made by carrying out the estimation on substrates prepared by adding 10 ml. of NH4Cl-NH40H buffer of suitable pH to 4-0 ml. of the denatured protein solution. The pH values of the substrates were checked electrometrically and the results of a typical experiment are: pH 9 00 (0 360), pH 9-45 (0-395), pH 9-80 (0.358). The figures given in parentheses are the differences in absorptiometer reading between test and control determinations. A pH of 9-5 has therefore been adopted for the standard method outlined above. Stability ofthe pH during the reaction. Since the reaction is sensitive to changes in pH it was necessary to check that the pH was constant during the reaction time. This was done by electrometric determination using a glass electrode. Under the standard conditions of the estimation, the addition of a duodenal juice (35 units/ml.) and subsequent incubation The influence of bile on the enzyme activity was investigated by adding cat bile (1 vol.) to duodenal juice (4 vol.) relatively free from bile. Two samples of juice treated in this way showed activities of 11-6 and 27-4 units/ml. Control samples to which water had been added instead of bile had activities of 11-8 and 28-0 units/ml. It is concluded that bile is without serious effect on tryptic activity. Similar conclusions were reached by Lagerlof (1942) .
Colour development. The protein-free filtrates have been treated in the manner described by Hunt (1948) whose observations regarding procedure have been confirmed. The rate of formation and stability of the blue colour are shown in Fig. 2. Reproducibility of the 8ubstrate. This has been investigated by carrying out, in triplicate, estimations of the activity of a duodenal juice using four different substrate preparations. The results given in Table 2 show that there are only minor variations in the results obtained with the different substrates. Analysis shows that the variation between substrates is not significant (P >0-05).
Accuracy ofthe estimation. From the experiment indicated in the last section, the twelve estimations on the given duodenal juice gave a result of 42-7 +04 (s.&.M.), expressing the result in terms of the colorimeter reading. This is accurate enough for the purposes for which the method was designed.
Correlation with Lagerl6f'a method. The results of the estimations of tryptic activity of twenty-nine different duodenal juices by the present method and by that of Lagerlof (1942) are shown in Fig. 3 . The correlation coefficient for the two sets of results is 0-82, a figure which statistically is highly significant (P <0 001). Fig. 3 enables the two sets of units to be interconverted; one Lagerlof unit is equal to 705 units as defined in this paper.
RESULTS
The concentration of enzyme in juices obtained under different conditions is very variable. This is in part due to the variation in the output of juice per minute. The relationship between enzyme concentration, minute output and hormonal stimulation is to be reported in detail elsewhere, but the following are some typical values.
In seventeen determinations carried out on resting juice the range ofactivity was 1-75 units/ml., but twelve of these results lay in the range 8-38 units/ml. In the case of juice obtained after secretin administration the range for nineteen estimations was 19-93 units/ml. and fourteen of these lay in the range 25-75 units/ml. Juice obtained after pancreozymin stimulation showed a range of 18-90 units/ml. for sixteen juices, but eleven of the results lay in the range 50-80 units/ml. SUMMARY 1. A method is described for the assay of tryptic activity in duodenal juices using a denatured preparation of dried human serum as the substrate and measuring the phenolic substances liberated by trypsin.
2. A unit of tryptic activity is defined, and a method for the calibration of any colorimeter is suggested.
3. The experimental basis of the method is presented and the overall accuracy is assessed.
4. The results from this method have been correlated with those from Lagerlof's (1942) method.
5. The range of activity of varying types of juice is discussed briefly. 
